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DESCRIPTION 

ALKALINE BATTERY 

Technical Field 

The present Invention relates to alkaline batteries 
containing nickel oxyhydroxlde as a positive electrode active 
material, an6, pcartlculeirly , to alkaline dry batteries such as 
nickel dry batteries and nickel manganese dry batteries. 

Background Art 

Alkaline batteries, particularly alkaline batteries 
of the discharge- stcLCt type and alkaline primary batteries, 
have an Inside -out type structure. In which cylindrical 
tablets of a positive electrode material mixture are disposed 
In a positive electrode case serving as a positive electrode 
terminal so as to closely adhere to the positive electrode 
case, and a gelled zinc negative electrode is disposed in the 
center thereof with a separator Interposed therebetween. 

With the recent proliferation of digital devices, 
there is a gradual Increase in the load power of such battery- 
powered devices. Therefore, there is a demand for batteries 
having excellent heavy- load discharge performance. 

In order to obtain alkaline batteries having 
excellent heavy- load discharge characteristics, for example, 
mixing nickel oxyhydroxlde into the positive electrode 
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material mixture has been proposed (see Japanese Laid-Open 
Patent Publication No. Sho 57-72266). Also, such batteries 
have recently been put into practical use. 

Nickel oxyhydroxide used in alkaline batteries is 
obtained, for example, by oxidizing spherical or hen's egg- 
shaped nickel hydroxide by means of an oxidant, such as an 
aqueous solution of sodium hypochlorite. The spherical nickel 
hydroxide which is used as the raw material for such oxidation 
reaction is /3-type nickel hydroxide having a high bulk density 
(tap density). lAien the /3-type nickel hydroxide is oxidized, 
spherical nickel oxyhydroxide with a main structure of jS-type 
is generated. The high- tap-density spherical nickel 
oxyhydroxide with a main structure of iS-type thus obtained can 
be filled into the positive electrode at high densities. 

Also, spherical nickel hydroxide with adecjuately 
controlled crystallinity is used in alkaline storage batteries 
to improve their high- temperature charge characteristics. The 
use of such spherical nickel hydroxide as the raw material 
makes it possible to obtain spherical nickel oxyhydroxide 
having a high oxidation number, i.e., a high discharge 
capacity . 

The recent higher functionality of digital devices 
has created a demand for a further improvement in the 
discharge characteristics of alkaline batteries. With respect 
to alkaline batteries including the above-mentioned nickel 
oxyhydroxide, in particuleu:, it is demanded to (1) improve 
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their heavy-load discharge characteristics so as to be capable 
of a pulse discharge unique to digital devices £uid (2) enhance 
their capacity to allow for an Increase In the power consumed 
by such devices. 

To meet the former demand, the use of nickel 
oxyhydroxlde coated with a cobcilt oxide, cobalt oxyhydr oxide , 
or the like has been proposed (see Japanese Lald-Open Patent 
Publication No. 2002-338252 and Japanese Lald-Open Patent 
Publication No. 2003-17079). The use of such nickel 
oxyhydroxlde leads not only to an Improvement In heavy- load 
discharge characteristics but cLLso to an Improvement In 
capacity . 

With respect to the latter demand. Improving the 
nickel oxyhydroxlde material Itself contained In the positive 
electrode material mixture has been under examination. For 
example, there has been a proposal of providing alkali metal 
Ions between the crystals of j3-type nickel oxyhydroxlde to 
Improve capacity (see Japanese Lald-Open Patent Publication No. 
2001-325954) . 

Also, In order to enhcuice the energy density of the 
alkaline batteries containing nickel oxyhydroxlde In their 
positive electrodes, the conditions of chemical oxidization of 
nickel hydroxide may be strengthened to heighten the oxidation 
number of nickel contained In nickel oxyhydroxlde. 

However, when the conditions of chemical oxidization 
are simply strengthened, for example, by Increasing the 
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concentration and amount of the oxidant used for the oxidation 
reaction and by heightening the temperature of the atmosphere, 
the crystallites having a iS-type structure become finer, 
resulting In a decrease In the crystalllnlty of nickel 
oxyhydroxlde . 

Low- crystalline i3 -nickel oxyhydroxlde has a large 
number of grcd.n boundaries, which cure a kind of defect. Such 
nickel oxyhydroxlde locally Includes r-type structure crystal 
that Is Inactive and does not contribute to the discharge 
reaction. Therefore, even If the mean valence of nickel Is 
seemingly high, sufficient discharge capacity ceuinot be 
obtained. In this way, the energy density of alkaline 
batteries cannot be heightened by merely heightening the mean 
valence of nickel contained In nickel oxyhydroxlde 

Therefore, an object of the present Invention Is to 
provide an alkaline battery having excellent heavy- load 
discharge chcuract eristics and Improved energy densities by 
optimizing the physical properties of nickel oxyhydroxlde. 

Disclosure of Invention 

The present Invention relates to an alkaline battery 
Including: a positive electrode Including a positive electrode 
active material; a negative electrode Including a negative 
electrode active material; a separator disposed between the 
positive electrode and the negative electrode; and an 
electrolyte. The positive electrode active material comprises 
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spherical nickel oxyhydroxide that includes crystals having a 
i3-type structure- A powder X-ray diffraction profile of the 
spherical nickel oxyhydroxide obtained using a Cu target is 
such that a half -width W of a diffraction peak P derived from 

a (001) plane is 0.6 or less. The ratio H/W of a height H of 
the peak P to the half -width W is 10,000 or more. The nickel 
contained in the spherical nickel oxyhydroxide has a mean 
valence of 2.95 or more. The half -width of the diffraction 

peak is defined as the difference in 2 0 between the values 
that are half the extreme value of the diffraction peak height 
in the peak. The peak height is generally expressed in 
count /second ( cps ) . 

In the alkaline battery, the nickel contained in the 
spherical nickel oxyhydroxide preferably has a mean valence of 
3 or more. 

In the alkaline battery, the spherical nickel 
oxyhydroxide preferably carries a cobalt oxide, and the cobalt 
contained in the cobalt oxide preferably has a mean valence of 
greater than 3. 

In the alkaline battery, the spherical nickel 
oxyhydroxide preferably carries the cobalt oxide in an amount 
of 0.5 to 15 parts by weight per 100 parts by weight of the 
spherical nickel oxyhydroxide. 

In the alkaline battery, preferably, the positive 
electrode further contains at least one additive selected from 
the group consisting of zinc oxides, calcium oxides, yttrium 
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oxides, and titanium oxides. 

In the alkaline battery, the positive electrode 
preferably contains 0.1 to 10 parts by weight of the additive 
per 100 parts by weight of the spherical nickel oxyhydroxlde . 

Brief Description of Drawings 

Fig. 1 Is a partially cut-away front view of an 
alkaline battery In one embodiment of the present Invention. 

Fig. 2 Is a powder X-ray diffraction profile of 
nickel oxyhydroxlde solid solution particles 2 used In an 
example of the present Invention. 

Fig. 3 Is cin enlarged view of a powder X-ray 
diffraction profile (A) of nickel oxyhydroxlde solid solution 
particles 2 and a powder X-ray diffraction profile (B) of 
solid solution particles 26, In a low angle region. 

Best Mode for Carrying Out the Invention 

Referring now to Fig. 1, an example of an alkaline 
battery according to the present Invention Is described. 

An alkaline battery of Fig. 1 comprises a power- 
generating element and a positive electrode case 1 
accommodating the power- generating element. The power- 
generating element comprises a positive electrode material 
mixture 2, a gelled negative electrode 3, a separator 4 
disposed between the positive electrode material mixture 2 and 
the gelled negative electrode 3, and an electrolyte (not shown 
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in the figure) . 

The positive electrode case 1, which eilso serves as 
a positive electrode terminal, is in the shape of a bottomed 
cylinder having an indentation at the center of the bottom. 
The positive electrode material mixture 2 in the shape of a 
hollow cylinder is disposed inside the positive electrode case 
1 so as to contact the positive electrode case 1. A graphite 
coating film 10 is formed between the positive electrode case 
1 and the positive electrode material mixture 2. 

The gelled negative electrode 3 is disposed inside 
the positive electrode material mixture 2 with the separator 4 
interposed therebetween. Also, the gelled negative electrode 
3 is insulated from the battery case 1 by an insulating cap 9. 

A negative electrode current collector 6 is inserted 
in the gelled negative electrode 3. The negative electrode 
current collector 6 is integrated with a sealing plate 5 and a 
bottom plate 7 that also serves as a negative electrode 
terminal. The opening of the battery case 1 is sealed by 
crimping the opening edge of the battery case 1 onto the 
circiomf erential edge of the bottom plate 7 with the sealing 
plate 5 interposed therebetween. Also, the outer siirface of 
the positive electrode case 1 is coated with a Jacket label 8. 

The above-mentioned electrolyte is used to wet the 
positive electrode material mixture 2 and the sepeurator 4. As 
the electrolyte, any known one in the art may be used. One 
such example is an aqueous solution containing 40% by weight 
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of potassium hydroxide, 

As the gelled negative electrode 3, any known one in 
the art may be used. Examples of such gelled negative 
electrode include one made of poly (sodium acrylate) serving 
as a gelling agent, an alkaline electrolyte, eind zinc powder 
serving as a negative electrode active material. The alkaline 
electrolyte used for the gelled negative electrode may be the 
same as or different from the above-mentioned electrolyte. 

In the present invention, the positive electrode 
material mixture 2 comprises nickel oxyhydroxide and manganese 
dioxide • 

Next, nickel oxyhydroxide, which is the positive 
electrode active material, is described. 

In the present invention, the spherical nickel 
oxyhydroxide used as the positive electrode active material 
includes crystals having a i3-type structure. In a powder X- 
ray diffraction profile of this spherical nickel oxyhydroxide, 
the half -width of the diffraction peak derived from the (001) 

pleoie is 0.6 ° or less, and the ratio ((peak height )/ (half - 
width)), i.e., the ratio of the peak height of the diffraction 
peak derived from the (001) plane to the half -width, is 10,000 
or more. 

With highly crystalline, spherical nickel 

oxyhydroxide in which the half -width is 0.6 or less and the. 
(peak height) /(half -width) is 10,000 or more, the reduction 
reaction of the nickel species proceeds smoothly during 
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dlscheurglng • That Is, the above-mentioned characteristic 
values lead to an Improvement In the utilization rate of the 
nickel oxyhydroxlde as the positive electrode active material. 
This further makes It possible to Improve the heavy- load 
discharge characteristics of batteries containing such nickel 
oxyhydroxlde . 

On the other hand« when the half -width Is greater 
than 0.6 ° , such nickel oxyhydroxlde has a large number of 
defects, and It locally has an Inactive structure (7 -type 
structure). In this case. It becomes difficult to obtain 
sufficient discharge capacity. 

Further, when the (peak height )/ (half -width) Is less 
than 10,000, It Is also difficult to obtain sufficient 
discharge capacity. In the same manner as the above-mentioned 

case where the half -width Is greater than 0.6 . 

Furthermore, the mean oxidation number (hereinafter 
referred to also as mean valence) of the nickel contained In 
the spherical nickel oxyhydroxlde Is 2.95 or more. Also, this 
mean valence Is preferably 3 or more and 3.05 or less. 

When the nickel contained In the nickel oxyhydroxlde 
has a mecui valence of 2.95 or more. It Is possible to obtain 
batteries having a sufficiently high capacity commensurate 
with the valence. On the other hand. If the mean valence Is 
less than 2.95, the capacity becomes Insufficient. 

As described above, the spherical nickel 
oxyhydroxlde used In the present Invention has a high mean 
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valence of nickel and allows the reduction reaction of nickel 
to proceed smoothly. The use of such nickel oxyhydroxide 
enables cLLkaline batteries to have improved energy densities 
and excellent heavy- load discharge characteristics. 

The mean particle size of the spherical nickel 
oxyhydroxide is preferably in a range of 8 to 20 Mm, cuid the 
tap density thereof (500 times) is preferably in a range of 
2.2 to 2.4 g/cm^. When the mean particle size and the tap 
density are in such ranges, the filling density of the 
spherical nickel oxyhydroxide can be enhanced. 

The sphericcLl nickel oxyhydroxide may carry a cobalt 
oxide in which the mean valence of cobalt is greater than 3.0. 
Also, it is preferred that the mean valence of cobalt be 3.1 
or more and 3.6 or less. 

Cobalt oxides in which the mean valence of cobalt is 
greater than 3.0 have an extremely high electronic 
conductivity. Thus, when the spherical nickel oxyhydroxide 
carries such a cobalt oxide, it becomes possible to improve 
the current collecting characteristics of the spherical nickel 
oxyhydroxide. The use of nickel oxyhydroxide Ccirrying such a 
cobalt oxide as the positive electrode active material makes 
it possible to obtain batteries having a higher capacity 
(higher utilization rate) and excellent heavy-load discharge 
characteristics. Also, cobalt oxides having a valence of 3.1 
or more are highly chemically stable during battery storage. 
It is thus possible to obtain batteries having a high 
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reliability even after storage at high temperatures. 

On the other hand, cobalt oxides In which the 
average valence of cobalt is greater thcin 3.6 are difficult to 
produce . 

Also, the amount of the cobalt oxide carried by the 
spherical nickel oxyhydroxide is preferably 0.5 to 15 parts by 
weight, and more preferably 1 to 5 parts by weight, per 100 
peurts by weight of the spherical nickel oxyhydroxide. By 
setting the ccirried amount in this range, the effect of the 
cobalt oxide carried by the spherical nickel oxyhydroxide can 
be fully exerted. That is, the utilization rate of the 
spherical nickel oxyhydroxide can be improved, and the 
discharge polearization upon heavy- load discharge can be 
reduced. Further, when the carried amount is in this range, 
even though carrying the cobalt oxide may cause an increase in 
the volume of the nickel oxyhydroxide, the utilization rate of 
the nickel oxyhydroxide can be increased more than the 
increase in volume. Thus, the voliame energy density of the 
nickel oxyhydroxide C€ui be enhanced. Accordingly, the use of 
such nickel oxyhydroxide enalbes eilkaline batteries to have a 
particularly high capacity and excellent heavy- load discheurge 
characteristics • 

Also, the positive electrode of the above-mentioned 
alkaline battery preferably contsuLns at least one additive 
selected from the group consisting of zinc oxides, calcium 
oxides, yttrium oxides, and titanium oxides. These additives 
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can heighten the oxygen -generating overvoltage of the nickel 
oxyhydroxide • Thus, the self -decomposition reaction of the 
nickel oxyhydroxide Ccin be suppressed. Accordingly, the 
inclusion of such an additive in the positive electrode makes 
it possible to suppress the leakage phenomenon and the decline 
in capacity when the battery is stored for an extended period 
of time at high temperature. That is, the addition of such an 
additive to the positive electrode enables a significant 
improvement in the reliability of the resultant alkaline 
battery. 

The amount of the additive is preferably 0.1 to 10 
parts by weight, and more preferably 0.5 to 3 parts by weight, 
per 100 parts by weight of the spherical nickel oxyhydroxide. 
Vlhen the amount of the additive is in this range, it is 
possible to fully suppress the self -decomposition reaction of 
the spherical nickel oxyhydroxide while keeping the decrease 
in the amount of the active material filled in the positive 
electrode to a minimum. That is, the self -decomposition 
reaction of the nickel oxyhydroxide can be suppressed without 
decreasing battery capacity. 

In consideration of the balance of battery 
characteristics cind prices, the contents of nickel 
oxyhydroxide cuid manganese dioxide are preferably 10 to 80 % 
by weight and 20 to 90 % by weight, respectively, of the total 
amount of nickel oxyhydroxide and manganese dioxide contained 
in the positive electrode material mixtxire. From the 
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viewpoint of obtaining batteries having an excellent balance 
in characteristics, the contents of nickel oscyhydroxide and 
manganese dioxide are preferably 30 to 60 % by weight and 40 
to 70 % by weight, respectively. This is because of the 
following reason. When manganese dioxide euid nickel 
oxyhydroxide are compared, manganese dioxide is superior in 
terms of capacity per unit weight (mAh/g) , the ease with which 
it is filled into the case, material prices, and the like. On 
the other hand, in terms of discharge voltage and heavy- load 
discharge characteristics, nickel oxyhydroxide is superior. 

The mean valence of the nickel contained in nickel 
oxyhydroxide particles can be determined, for example, by the 
following gravimetric method ( dimethylglyoxime method) and 
oxidation -reduction titration of nickel oxyhydroxide particles. 

These methods are specifically described below. 
(1) Measurement of metal weight percent by gravimetric method 
(dimethylglyoxime method) and the like 

Nickel oxyhydroxide particles are added to an 
aqueous solution of nitric acid, and the resultant solution is 
heated to dissolve the nickel oxyhydroxide particles. 

An aqueous solution of tartaric acid emd ion- 
exchanged water are added to the solution thus obtained to 
adjust the volume thereof, and thereafter, ammonia water and 
acetic acid boob added to this solution to keep the pH of the 
solution weakly acid (pH = 4 to 6). 

At this time, this solution may contain ions that 
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can possibly cause measurement errors. For example, when the 
Ions that can possibly cause measurement errors are cobalt 
Ions, potassium bromate Is added to oxidize the cobalt Ions to 
a trlvalent state. This can prevent the formation of a 
complex of cobalt Ions and dlmethylglyoxlme . 

Next, while this solution Is heated and stirred, an 
ethanol solution of dlmethylglyoxlme Is added thereto to 
precipitate nickel Ions as a complex compound of 
dlmethylglyoxlme . 

Subsequently, the resultant precipitate Is collected 
by suction filtration. The collected precipitate Is dried In 
an atmosphere of 110*C, cind then, the weight of the precipitate 
Is measured. 

The weight percent of nickel contained In a 
predetermined amount of nickel oxyhydroxlde particles Is 
calculated by the following equation: 

Nickel weight percent = {deposit weight (g)X 0.2032} 
/ {nickel oxyhydroxlde particle weight (g)> 

The content of an added metal that Is contcd.ned In 
small amo\ints, such as cobalt or zinc, ccin be measured as 
follows • 

First, nickel oxyhydroxlde particles are dissolved 
In a solution of nitric acid. By subjecting the resulteint 
solution to an TCP emission analysis, the content of the added 
metal can be determined with good accuracy. 

(2) Measurement of mean nickel valence by oxidation -reduction 
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titration 

Potassium Iodide and sulfuric acid cure added to 
nickel oxyhydroxlde particles, and by stirring the mixture 
sufficiently, the nickel oxyhydroxlde pcurtlcles sure completely 
dissolved. In this process, nickel Ions having a valence 
higher than blvalence oxidize potassium Iodide to Iodine and, 
at the same time, are reduced to blvalence. 

Subsequently, the generated Iodine Is subjected to 
titration with a 0.1 mol/L aqueous solution of sodium 
thlosulfate. The titer reflects the amount of electrons that 
the nickel and cobalt Ions have received from the Iodide Ions 
until the nickel and cobalt Ions are reduced to blvalence. 
That Is, the titer reflects the amount of the nickel and 
cobalt having a valence greater than blvalence. 

Thus, by using the value of the metal weight percent 
obtained In the above (1) and assuming that the cobcQ.t In the 
nickel oxyhydroxlde has a valence of 3.5, the mean valence of 
the nickel contained In the nickel oxyhydroxlde can be 
determined • 

Example 1 

( Prepeuratlon of nickel oxyhydroxlde solid solution) 

An aqueous ammonia solution of nickel sulfate (an 
acpieous solution In which Nl^"^ exists as an ammlne complex) , an 
aqueous ammonia solution of cobalt sulfate, an ac[ueous ammonia 
solution of zinc sulfate, and an aqueous solution of sodlism 
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hydroxide were supplied to a reaction vessel equipped with 
stirring blades by a piomp. At this time, the amounts of the 
respective solutions supplied were adjusted such that the 
reaction solution in the reaction vessel had a predetermined 
pH. 

The reaction solution in the reaction vessel was 
sufficiently stirred with the stirring blades, to precipitate 
spherical nickel hydroxide (i3-type) particles. By further 
continuing the stirring, the nickel hydroxide particles were 
allowed to grow. The resultant spherical nickel hydroxide 
included cobalt and zinc that were dissolved in its crystals 
in the state of solid solution. 

Next, the particles thus obtained were put into an 
aqueous solution of sodium hydroxide contained in another 
reaction vessel, where the solution was heated to remove 
sulfate ions. Thereafter, these peurticles were washed with 
water and dried to obtain spherical nickel hydroxide solid 
solution particles. The amoxint of cobalt contained in the 
solid solution particles was adjusted to 1% of the total 
weight of metal elements of nickel, cobalt, and zinc. Also, 
the amount of zinc was adjusted to 3% of the total weight of 
the metal elements. 

The mean particle size of the spherical nickel 
hydroxide solid solution particles thus obtained was measured 
with a laser diffraction particle size distribution cuialyzer. 
As a result, the mean particle size on a volume basis of the 
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solid solution particles was 9 um. Also, the BET specific 
surface area of the solid solution particles was 5.0 m^/g. 

The crystal structure of the nickel hydroxide solid 
solution particles thus produced was measured by powder X-ray 
diffraction method. The measurement conditions were as 
follows. 

[Measuring device] Powder X-ray diffractometer "RINT 1400'', 

available from Rigaku Corporation 

[ Anticathode ] Cu 

[Filter] Ni 

[Tube voltage] 40 kV 

[Tube current] 100 mA 

[Sampling angle] 0.02° 

[Scanning speed] S.o'' /minute 

[Divergency slit] 1/2° 

[Scattering slit] 1/2° 

The diffraction peak derived from the (001) plane of 
the nickel hydroxide solid solution pairticles obtained was 
obseirved around 20= 19° • The half -width of this diffraction 
peaik was 0.55° , and the peak height thereof was 5,800 cps 
under the above-mentioned measxirement conditions. Also, the 
ratio of the peak height to the half -width, which serves as a 
measure of the degree of crystallinity, ([peak height ]/[ half - 
width]), was 10,540. From these veU.ues, it was found that the 
nickel hydroxide solid solution obtained was relatively highly 
crystalline . 
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Subsequently, the spherical nickel hydroxide solid 
solution particles obtained were subjected to a chemical 
oxidization treatment, to obtain spherical nickel oxyhydroxide • 

First, the above-mentioned nickel hydroxide solid 
solution peorticles were injected into a 0.5 mol/L aqueous 
solution of sodium hydroxide. An aqueous solution containing 
sodium hypochlorite that serves as an oxidant (effective 
chlorine concentration; 5% by weight) was then added thereto* 
This mixture was stirred to convert the nickel hydroxide solid 
solution particles to nickel oxyhydroxide solid solution 
particles. Then, the amount "x" of the oxidant added, the 
reaction atmosphere temperature "y", and the oxidization 
treatment time (stirring time) "z" were veuried, as shown in 
Table 1. 

It should be noted that the amount of the oxidant 
added is expressed in equivalent units, in which 1 equivalent 
is defined as the amount that is theoretically capable of 
increasing the oxidation number of the whole nickel contained 
in the nickel hydroxide by one. 

Also, with respect to the oxidation treatment time 
(stirring time), the shortest treatment time (4 hours) is 
defined as 1, and the actual treatment time is expressed as a 
multiple thereof. 

The obtained particles were sufficiently washed with 
water and then vacuum- dried at 60*C to obtain spheriCcLL nickel 
oxyhydroxide solid solution particles 1 to 27. These 
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spherics^, nickel oxyhydroxlde particles had a meeui particle 
size of about 10 um. 
[Table 1] 



Sample nimiber 

\ AXJLWJ^CS ill 

oxyhydroxide ) 


Added amount 
{ equivalent ) 


Reaction 
atmosphere 
ten^rature 

y v w 


Oxidation 
treatment 

(normalized 
value ) 


1 


1 


40 


1 


2 


1 


40 


1.5 


3 


1 


40 


2 


4 


1 


50 


1 


5 


1 


50 


1 . 5 


6 


1 


50 


2 


7 


1 


60 


•a 
1 


8 


1 


60 


1 • 5 


9 


1 


60 


2 


10 


1.2 


40 


1 


11 


1.2 


40 


1.5 


12 


1.2 


40 


2 


13 


1 . 2 


50 


1 


14 


1.2 


50 


1.5 


15 


1.2 


50 


2 


16 


1.2 


60 


1 


17 


1.2 


60 


1.5 


18 


1.2 




•> 


19 


1.4 


40 


1 


20 


1.4 


40 


1.5 


21 


1.4 


40 


2 


22 


1.4 


50 


1 


23 


1.4 


50 


1.5 


24 


1.4 


50 


2 


25 


1.4 


60 


1 


26 


1.4 


60 


1.5 


27 


1.4 


60 


2 
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Next, in order to examine the crystal structure of 
the obtained spherical nickel oxyhydroxlde solid solution 
particles 1 to 27, powder X-ray diffraction measurements were 
conducted under the same conditions as the measurement 
conditions of the above -described nickel hydroxide solid 
solution particles. 

As an example, a diffraction profile of nickel 
oxyhydroxlde solid solution particles 2 Is shown In Fig. 2. 

A strong peak derived from the (001) plane (the 
crystal face perpendicular to the "c" axis) was observed 

around 2 0= 19° , just like iS-type nickel hydroxide* 

Also, It Is known that In an X-ray diffraction 

profile of iS-type nickel hydroxide, the diffraction peak 
derived from the crystal faces related to the periodic 
arrangement of Ions In the direction of the "a" axis (the 
(100) plane and the (101) plane) appears In a region of 29= 
30 to 40° . However, this peak becomes broad when nickel 
hydroxide Is oxidized. In the diffraction profile of Fig. 2, 
this peak could not be Identified clecurly. 

Accordingly, the obtained nickel oxyhydroxlde 
basically has the crystal structure of i3-type nickel 
oxyhydroxlde free from elongated Interplanar spaclngs. 

Next, an enlarged view of the diffraction profile 
(A) of nickel oxyhydroxlde solid solution peurtlcle 2 and the 
diffraction profile (B) of nickel oxyhydroxlde solid solution 
particle 26 In a low emgle region Is shown In Fig. 3. 
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The difference in oxidation conditions caused a 
change in the half -width of the diffraction peak derived from 
the (001) plane of the nickel oxyhydr oxide and the peak height 
thereof. With the solid solution particles 26, the peak half- 
width of the diffraction peak derived from the (001) plane 
increased and the peak intensity decreased, in comparison with 
the solid solution particles 2. From this result, it has been 
found that the crystallinity of the solid solution particles 
26 is lower than that of the solid solution particles 2. 

Also, with the solid solution particles 26 having a 
lower crystallinity, a diffraction peak seemingly derived from 

inactive 7 -type nickel oxyhydr oxide appeared around 20= 10° , 
and the peak intensity thereof tended to increase. It should 

be noted that inactive T -type nickel oxyhydroxide refers to 
one in which the interplanar spacing is significantly longer 

than the interplanar spacing of the normal T-type structure. 

Table 2 shows the half -width of the diffraction peak 
derived from the (001) plane, the peak height of the 
diffraction peak derived from the (001) pleuie, and the ratio 
of the peak height to the half -width ([peak height ]/[ half - 
width]) (this ratio serves as a measure of the degree of 
crystallinity) , obtained by the above-mentioned powder X-ray 
diffraction measurements of the nickel oxyhydroxide solid 
solution particles 1 to 27. 

Also, the mean valence of the nickel contained in 
the nickel oxyhydroxide solid solution particles 1 to 27 was 
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obtained In the above manner. 

Table 2 also shows the results thus obtained. 

[Table 2] 



Sample niimber 

( n3.ckel 
oxyhydroxide ) 


Hal£ 

widtn 

C /2d) 


Peak 
height 
(cps) 


[Peak 

xieiglit J 
/ [half - 
width] 


MecUi 
valence of 
nickel 


1 


0.59 


5770 


9780 


2.95 


2 


0.55 


6110 


11109 


2.98 


3 


0.51 


6520 


12784 


3.04 


4 


0.65 


4510 


6938 


2.99 


5 


0.62 


5040 


8129 


3.02 


6 


0.59 


5620 


9525 


3.05 


7 


0.64 


4650 


7266 


3.01 


8 


0.63 


4820 


7651 


3.03 


9 


0.61 


5120 


8393 


3.05 


10 


0.62 


4860 


7839 


2.97 


11 


0.57 


5830 


10228 


2.99 


12 


0.52 


6260 


12038 


3.05 


13 


0.65 


4400 


6769 


3.02 


14 


0.61 


5020 


8230 


3.04 


15 


0.57 


5460 


9579 


3.05 


16 


0.69 


4120 


5971 


3.03 


17 


0.66 


4350 


6591 


3.03 


18 


0.64 


4560 


7125 


3.04 


19 


0.64 


4670 


7297 


2.99 


20 


0.61 


4920 


8066 


3.01 


21 


0.54 


5950 


11019 


3.05 


22 


0.64 


4310 


6734 


3.02 


23 


0.63 


4560 


7238 


3.04 


24 


0.58 


5560 


9586 


3.05 


25 


0.66 


4250 


6439 


3.01 


26 


0.65 


4310 


6631 


3.03 


27 


0.63 


4600 


7302 


3.04 
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When the amount "x" of the oxidant added and the 
reaction atmosphere temperature "y" were the same, the mean 
valence of nickel Increased with the Increase In the oxidation 
treatment time ""z". Also, with the Increase In the oxidation 
treatment time "z", the half -width of the diffraction peak 
derived from the (001) plane decreased and the peak height 
thereof Increased. That Is, It has been found that the 
craystalllnlty Improves. 

In the chemical oxidation of nickel hydroxide by an 
oxidant, the crystallites of nickel hydroxide are destroyed or 
become finer at an early stage of the process of pulling out 
protons and electrons from the nickel hydroxide. VRxen the 
chemical oxidation of nickel proceeds to an extent that the 
mean valence of nickel Is around trlvalence, the nickel re- 
aligns In the direction of the "c" axis of the crystals of 
nickel oxyhydroxlde . This suggests an Improvement In the 
crystalllnlty of the nickel oxyhydroxlde. 

On the other hand, when the amount "x" of the 
oxidant added Is so large as 1.2 to 1.4 equivalents and the 
reaction atmosphere temperature "y" Is so high as 50 to 60 V^, 
the crysteJ-llnlty of the resultant nickel oxyhydroxlde tended 
to lower. This Is presumably because In the early stage of 
the oxidation reaction, the reaction of pulling out protons or 
electrons from the nickel hydroxide occurred very vigorously, 
so that the crystallites became excessively fine. It should 
be noted that such low crystalline nickel oxyhydroxlde solid 
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solution particles exhibited a tendency to produce the above- 
mentioned inactive T species at high rates. 

Next, alkaline batteries, each containing one of 
such nickel oxyhydroxide 1 to 27 as the positive electrode 
active material, were produced as follows. 
(Preparation of positive electrode) 

The nickel oxyhydroxide solid solution particles 
obtcLlned, manganese dioxide, and graphite were blended in a 
weight ratio of 50:50:5. Further, 5 parts by weight of zinc 
oxide was added thereto per 100 parts by weight of the nickel 
oxyhydroxide solid solution particles. Next, 1 part by weight 
of an electrolyte was added thereto per 100 parts by weight of 
the positive electrode active material (the total of the 
nickel oxyhydroxide solid solution particles and the manganese 
dioxide), to form a mixture. This mixture was stirred with a 
mixer to obtain granular matter having a predetermined 
particle size. The obtained granular matter was pressure- 
molded into a hollow cylindrical shape. In this way, positive 
electrode material mixtures 1 to 27 were obtained. 
(Preparation of negative electrode) 

A gelled negative electrode was prepared by mixing 
poly sodium acrylate serving as a gelling agent, an alkaline 
electrolyte, emd zinc powder serving as a negative electrode 
active material in a weight ratio of 2.5:100:200. As the 
alkaline electrolyte, an aqueous solution of 40% by weight 
potassium hydroxide was used. 
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(Production of alkaline battery) 

Using positive electrode material mixtures and 
gelled negative electrodes obtained In the above manner, AA- 
slze alkaline batteries as Illustrated In Fig. 1 were produced. 

The positive electrode case was made of a nickel- 
plated steel plate. The Inner face of the positive electrode 
case was provided with a graphite coating film. 

A plurality of the above -described positive 
electrode material mixtures were Inserted Into the positive 
electrode case, and then, these positive electrode mixtures 
were again pressurized so that they closely adhered to the 
Inner face of the positive electrode case. 

Next, a separator and an Insulating cap were 
Inserted Inside the positive electrode material mixtures. An 
electrolyte (an aqueous solution of 40% by weight potassium 
hydroxide) was then Injected Into the battery case, to wet the 
separator and the positive electrode material mixtures. 

After the Injection of the electrolyte, the above- 
mentioned gelled negative electrode was filled Inside the 
separator. Thereafter, a negative electrode current collector 
Integrated with a sealing plate and a bottom plate was 
Inserted Into the gelled negative electrode. The opening end 
of the positive electrode case was crimped onto the bottom 
plate with the sealing plate Interposed therebetween, to seal 
the opening of the positive electrode case. Lastly, the outer 
surface of the positive electrode case was coated with a 
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jacket label, to complete a battery. 

Batteries thus produced were named batteries 1 to 21. 
Among them, batteries 2, 3, 11, 12, and 21 are the batteries 
of this example. Also, the other batteries are comparative 
batteries . 
{ Evaluation ) 

The alkaline batteries produced were continuously 
discharged at a constant power of IW at 20*0. At this time, 
the discharge duration until the battery voltage reached a 
cut-off voltage of 0.9 V was measured. The results obtcilned 
are shown In Table 3. In Table 3, the discharge duration of 
the battery 2 was defined as 100, and the discharge durations 
of the other batteries were normalized. 
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[Table 3] 



Sample number 

\ nxcjcex 
oxyhydroxide ) 




Discharge 
Giura c xon 
(normalized 
value ) 


1 


Comparative battery 1 


91 


2 


Battesry 2 


100 


3 


Battery 3 


101 


4 


Comparatxve battery 4 


92 


5 


Comparative battery 5 


92 


6 


Comparative battery 6 


93 


7 


Comparative battery 7 


91 


8 


Comparative battery 8 


92 


9 


Comparative battery 9 


92 


10 


Comparative batteiry 10 


90 


11 


Battery 11 


100 


12 


Battery 12 


102 


13 


Comparative battery 13 


91 


14 


Comparative battery 14 


92 


15 


Comparative battery 15 


92 


16 


Compeirative battery 16 


90 


17 


Comparative battery 17 


89 


18 


Compearative battery 18 


90 


19 


Competrative battery 19 


91 


20 


Compeuratlve battery 20 


93 




Battery 21 


102 


22 


Comparative battery 22 


92 


23 


Comparative battery 23 


92 


24 


Comparative battery 24 


93 


25 


Competrative battery 25 


90 


26 


Comparative battery 26 


92 


27 


Comparative battery 27 


91 



From Table 3, it ceui be seen that the batteries 2, 3, 
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11, 12, and 21 have longer discharge diarations than the 
compcuratlve batteries. The nickel oxyhydroxlde contained In 
these batteries has relatively high crystalllnlty. In 
comparison with the nickel oxyhydroxlde contained In the 
comparative batteries. In such highly crystalline nickel 
oxyhydroxlde, the reduction reaction of nickel during 
discharging proceeds smoothly. Therefore, It can also be 
thought that the electrical capacity thereof Is heightened to 
a maximum In a heavy- load discharge. 

Also, among the batteries 2, 3, 11, 12, euid 21, the 
batteries 3, 12, and 21, In which the mean valence of nickel 
contained In nickel oxyhydroxlde Is 3 or more, have longer 
discharge durations than the other batteries. Therefore, It 
Is preferred that the mean valence of the nickel contained In 
the nickel oxyhydroxlde solid solution peartlcles be 3 or more. 

In the foregoing example, spherical nickel 
oxyhydroxlde solid solution particles Including cobalt and 
zinc that are dissolved In the form of solid solution In their 
crystals were used. Besides such particles, the same effects 
can be obtained from any spherical nickel oxyhydroxlde In 
which the half -width of the diffraction peak derived from the 
(001) plane, the ratio of the peak height of the diffraction 
peak derived from the (001) plane to the half -width, and the 
mecui valence of nickel eure In the above-mentioned ranges. 

It should be noted that the manufacturing method of 
such highly crystalline, spherical nickel oxyhydroxlde Is not 
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to be limited to the method described in this example. 

Also, such spherical nickel oxyhydroxide may carry a 
cobalt oxide containing cobalt that has a mean valence greater 

than 3.0 (e.g., a highly conductive cobalt oxide such as T - 
cobalt oxyhydroxide) • This can further enhance the 
characteristics of collecting electrons from nickel 
oxyhydroxide, thereby enabling a further increase in energy 
density. 

In preparing the positive electrode material mixture, 
the blending ratio of the spherical nickel oxyhydroxide solid 
solution particles, mangemese dioxide, and graphite was 
50:50:5, but there is no limitation to this ratio. 

Further, in the foregoing example, 5 parts by weight 
of zinc oxide per 100 parts by weight of the spherical nickel 
oxyhydroxide was added to the positive electrode material 
mixture (from the viewpoint of improving storage 
characteristics). Instead of zinc oxides such as zinc (II) 
oxide, one of calcium oxides, yttrium oxides, and titanium 
oxides may be used. Also, the amount of addition is 
preferably in a range of 0.1 to 10 parts by weight per 100 
peurts by weight of the spherical nickel oxyhydroxide. 

Industrial Applicability 

The present invention can provide an alkaline 
battery having excellent heavy-load discharge characteristics 
and high energy densities. 



